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Abstract 

The relation between a N = 2 nonlinear super symmetric (SUSY) model 
and a linear SUSY (free) theory for N = 2 vector supermultiplet accompa- 
nying the spontaneous SUSY breaking is systematically worked out in two- 
dimensional superfield formulation. 
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Nonlinear (NL) realization of supersymmetry (SUSY) [1], which induces the sponta- 
neous SUSY breaking, gives the way to construct NLSUSY general relativity (GR) 
[2, 3] as the fundamental theory of everything in the SGM scenario from a com- 
positeness viewpoint [4, 5]. The low energy physics and cosmology in NLSUSY GR 
are discussed [5, 6, 7] based on the linearization of NLSUSY (NL-linear(L) SUSY 
relation) in (Riemann-)flat spacetime. The linearization problem in flat spacetime 
was addressed mainly so far for = 1 and N = 2 SUSY by studying the relation 
between the NLSUSY model and various LSUSY free field theories (with the Fayet- 
Iliopoulos (FI) term), for = 1 scalar supermultiplet [8]-[10], for = 1 (t/(l)) 
(axial) vector one [11] and ior N — 2 {SU{2) x U{1)) vector one [12]. Linearizing 
N — 3 NLSUSY was also discussed in two dimensional spacetime {d — 2) [13]. 

Recently, according to heuristic arguments, we have shown the explicit relation 
between the N = 2 NLSUSY model and N = 2 LSUSY interacting theories in 
d = 2, i.e. one with Yukawa interaction terms for the vector supermultiplet [14], 
and the other with U{1) gauge interaction terms between the vector and the scalar 
supermultiplets {N — 2 SUSY QED) [15]. In order to further investigate the NL-L 
SUSY relation ior N >2 SUSY which is realistic in the SGM scenario, it is important 
to develop the systematic method of the linearization in superfield formulation [8, 10] 
into higher N SUSY theories. In this letter, as a preliminary to do this we discuss 
on the hnearization of = 2 NLSUSY (A^ = 2 NL-L SUSY relation) for the A^ = 2 
vector supermultiplet in the d = 2 superfield formulation at the free-theory level. 

In the linearization process, SUSY invariant relations connecting the NLSUSY 
model with a LSUSY theory are essential, where component fields in the LSUSY 
theory are expressed as composites in terms of Nambu-Goldstone (NG) fermion 
{superon in the SGM scenario). These relations are systematically obtained by 
defining a superfield on the following specific supertranslations [8, 10] of superspace 
coordinates (x",^*) depending on the (Majorana) NG fermions -0*, 

e'' ^9'- Kil^', (1) 
where k is a constant whose dimension is (mass)~^ ui d = 2. Indeed, a superfield on 

^{x,9'-^\x)) = ^{x',9''), (2) 

•l-Minkowski spacetime indices are denoted by a, 6, • • • = 0, 1 in d = 2 and SO{N) internal 
indices are = 1,2 for N = 2. The Minkowski spacetime metric in d = 2 is ^{j"','^''} = 

rj"-^ = diag(+, — ) and a"'^ = |[7°,7''] = ie°'^j5 (e""^ = 1 ~ — eoi), where we use the 7 matrices 
defined as 7° = ct^, 7^ = ia^, 75 = 7^7^ = with {I = 1, 2, 3) being Pauh matrices. 
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transforms homogeneously as 



S^^x,9')^eda^x,9') (3) 

with = iKi/j'^^^-C, under superspace translations of (x", 9^) accompanying NLSUSY 
transformations [1] of ■0', 

Sc^' = -C-iKCr^'dar, (4) 
K 

parametrized by constant (Majorana) spinor parameters C- The supertransforma- 
tion property (3) means that component fields ^\x) in ^{x,9^) do not transform 
each other, and SUSY invariant constraints, '^^{x) — constant, can be imposed, 
which leads to the SUSY invariant relations. 

Let us introduce a o? = 2, = 2 (general) superfield [16, 17] for the N — 2 
vector supermultiplet, 

V{x,9') = C{x) + ¥K\x) + -9'e^M'^{x) - -9'9'M^^{x) + -e'^9'-ir,9^{x) 

--/^¥-iaeh\x) - ]-9'e'e^\^{x) - \¥9'e^9W{x), (5) 

4 2 8 

where the component fields are denoted by (C, D) for two scalar fields, (A*, A*) for 
four spinor fields, (j) for a pseudo scalar field, v"- for a vector field, and M*-' = M^*-'^ 
(= \{M^^ + M^'^)) for three scalar fields (M^^ = respectively. The superfield 

(5) transforms under the superspace translations of (x", 6**) as 

5cV{x,9')^CQ'V{x,9') (6) 

with supercharges 

satisfying {QlQ'f,} = -25'^{rC)apPa- 

The N — 2 superfield (5) on the specific coordinates (1), 

Vix,9')^Vix',9"), (8) 
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may be expanded in component fields as 

v{x,e') = c{x) + ¥k\x) + \¥em'^{x) - ]-¥e'M"{x) + \e'^¥-i^e^4){x) 

Zi Zi ^ 

--/'f-^aQ^v''[x) - \we'e^V{x) - l9'e'9^ew{x), (9) 

4 2 8 

where the component fields (p^{x) = {C{x), A^{x), Af^^ (x), ■ ■ ■) transform according 
to Eq.(3). The (p^{x) are evaluated in terms of (p\x) — {C{x), A'lx), M^^ {x) • • •) in 
Eq.(5) as follows: 

4 4 2 8 

Zi 

z 

= A'* - Kij'D', 

D = D', (10) 
where <f'^{x) — {C'{x), A'^{x), M'^^{x) ■ ■ •) are the component fields in 

v{x',e'') = c'{x) + e"A'\x) + -e"e'm"^{x) - -e''e"M'"{x) + ^€'j'^'*75^'^0'(x) 

2 2 
—e'^e'^^aO'^v^i^x) - h''e''e'^X'\x) - h''9''9'^9'W{x), (11) 

and are expanded as 
C = C, 

A'' = A' + iK^CtP\ 

z 



D' = D + iKij'^y 



+l«;3^YVij^nAJ- _ ifi;4^YV^>^°^C'- (12) 
2 8 

Solving Eq.(lO) with respect to ip^ in terms of ((^^, ■0') and imposing SUSY (and 
gauge) invariant constraint on A' can be considered as in refs.[8, 10], which leads to 
an action in terms of '0* interacting with other fields in (^^, e.g. v". 

However, focusing here on the sector which depends only on the NG fermions, 
we impose SUSY invariant constraints which eliminate the other degrees of freedom 
than ■0* as, for example, the simplest ones, 

C = A' = M'^' = = = Y = 0, D - - (13) 

with an arbitrary dimensionless parameter ^. Then, from Eqs.(lO) and (12) the 
relations between (p^ and t/^* become 

c = -^C'^^VV^V^ 



2 — - /"T -uT 2 — \^ 2^ 75 r' "ab 

--K^{nK'^^^^ - DA^'-i/SV^ - 75nA^''0^75'0^' - 7„nA^'V5V'0^ + 2^daA^i''j''il^^) 
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K 

2 \ 2 2 

--K^iP'^jj'^^^DA^ + -K^i)'ij^iPtlPn^C. (14) 
2 8 

We solve Eq.(14) entirely with respect to the component fields as composites of 
the NG fermions ^/^* and we obtain SUSY invariant relations for the d — 2, N — 2 
vector supermultiplet in all orders of ip'' as follows: 

D^-\w\, (15) 

where \w\ is the determinant introduced in [1], which induces a spacetime- volume 
differential form in the NLSUSY model, i.e. for the d = 2, TV = 2 (AT > 2, as well) 
SUSY case, 

\w\ = det(^«"6) = AQi[?>l + t^b), = -iK^jp'Ydbi^', (16) 
expanded in terms of or ip^ as 

hi = l+^"a + ^(C^\-^V'a) 

= 1 - in^i^'^i;' - ^K^e^^^l^'iljWai^'-fsdbip^ + ^'-f^^p^ da^'d^il:^). (17) 
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Note that all SUSY invariant relations for ^p^ in Eq.(15) are expressed as the form, 

iK^-\^r\w\ (n = 0,l,-..,4), (18) 

where {tp^Y means e^^tjj'^^^il)^ or e^^^'^^'^ij)^ ^ (-0*)^ = t/j^'ijj^il;^ and (V'*)^ = 

Let us now discuss on the relation between NLSUSY and LSUSY actions for the 
N = 2 vector supermultiplet in the free theory. The NLSUSY action [1] for d = 2, 
N — 2 SUSY is written in terms of as 

5'jv=2NLSusY ^ --^ j d^x \w\, (19) 

which is invariant (becomes a surface term) under the NLSUSY transformations (4) 
due to 6(^\w\ = da{i"'\w\). On the other hand, the (free) action for the N — 2 vector 
supermultiplet with the FI D term is given by using the superfield (5) as follows: 



5vo ^ Jd^x J d^9'CQ{x,e') + j d^e'£Fi{x,e') 



ei=o 



(20) 



where 



Cq{x, 6') = ^{Dm^^D^W''^ + Dm^^Dmf), (21) 
CFi{x,e') = ^V (22) 



with 



Da = ^,-^^0^. (23) 
y^ij ^ D'D^V, = D'-i^D^V. (24) 

The action (20) in the WZ gauge gives the = 2 LSUSY (free) action for the 
minimal off-shell component fields {A,(l),v'' ,\\ D) with A = M^*(= M^^ + M^^) 
[17], 

Svo = Svo IwZ gauge 

= / d'x \-\{Fa,Y + + \{daAf + \{d^4>f + - f ^} , (25) 

where the field equation for the auxiliary field, D = ^, indicates the spontaneous 
SUSY breaking. 
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The relation between the actions (19) and (25) with = 1, i.e. 



'S'Ar=2NLSUSY = Svo + [suface terms], 



(26) 



can be shown by substituting SUSY invariant relations for the minimal off-shell 
vector supermultiplet, (A, 0, t)", A*, D)('0*), into the action (25) directly [14]. Here 
let us show that the LSUSY action (20) exactly reduces to the NLSUSY action (19) 
when ^2 = 1 by using the superfield (9) in the SUSY invariant constraints (13), 



Sk 



(27) 



which lead to the SUSY invariant relations (15): Indeed, by changing the integration 
variables in Eq.(20) from {x,9'^) to {x',9'^), we obtain 



S- 



vo 



where 



with 



= J (fx' J (f9"Co{x',9") + j (fff'Cmix'.ff'' 
^ j cPx J cPe'J{x,9')Co{x,9')+ J d^9'J{x,9')CFi{x,9' 



ei=o 



CFi{x,e') = ^v 



d 



In Eq.(28) the J{x,9^) means the Jacobian given by 



(28) 

(29) 
(30) 

(31) 

(32) 



J{x, 9') = sdetM = \w\ det{6^ - mVb'il^'-f''9'), 



(33) 



where sdet is the superdeterminant, the supermatix M and the "covariant" deriva- 
tive Va [10] are defined by 



M 



d{x', 9'' 



d{x, 9^) 



— iKdbtjj^'y"-9'- —K.dbtp'^ 



(34) 
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Also, the transformation of derivatives is 




) 



-1 




) 



—iK.'-f°"lp^Va'' 5^^ — IK^ 



b 



] 



(35) 



where vj* is determined from 



■b 



(36) 



and is solved as 



(37) 



Then the differential operators (31) are expressed by means as 



By substituting Eqs.(27), (33) and (38) into Eq.(28), the relation between the actions 
(19) and (20), 



is shown when = 1. 

We summarize our results as follows. In this letter we have systematically lin- 
earized N = 2 NLSUSY in the d = 2 superfield formulation for the N = 2 vector 
supermultiplet. Based on the d = 2, N = 2 superfield (5) the relation between 
the component fields (p^x) in Eq.(9) and (p'{x) in Eq.(5) are given as in Eqs.(lO) 
and (12). By imposing the (simplest) SUSY invariant constraints (13), we have ob- 
tained the SUSY invariant relations (15) uniquely, which coincide with those for the 
minimal off-shell vector supermultiplet obtained heuristicly in Ref . [14] . The N = 2 
NLSUSY action (19) is just reproduced when ^"^ = 1 hj substituting the SUSY 
invariant relations into the N — 2 LSUSY free action with the FI D term (20), i.e. 
we have shown the relation (39) in the free theory from the superfield formulation. 
The extensions of the superfield method for the linearization to higher NLSUSY 
and to d = 4 are important. The Yukawa interaction terms [14] and the coupling 
of matter supermultiplets (SUSY QED) [15] in the linearization framework of this 
letter are interesting problems under the investigation. 




(38) 



'S'w=2NLSUSY — 'S'vO 



(39) 
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